Abstract
antimicrobial action by disrupting the bacterial cell membrane, such as daptomycin [2] . 45 Moreover, many innate immunity defence effectors that act during the early stages of 46 infection, such as free fatty acids and cationic antimicrobial peptides (AMPs), also exert 47 antimicrobial action through targeting the integrity and functioning of the cell membrane 48 [3,4,5]. 49 The major components of cell membranes are phospholipids, which form a 50 semipermeable barrier to maintain cell homeostasis and prevent the entry of harmful 51 substances. Phospholipid-containing membranes can permit bacteria to persist in the face 52 of external hazards such as osmotic stress or extremes of pH, and they play an integral role 53 in infection, acting as a barrier to antibiotics and host defense mechanisms [6] . Far from 54 being static structures, bacteria constantly modify the lipid composition of their membranes 55 in response to changes in the physiological environment, such as temperature, osmolarity, 56 salinity and pH [7] . Thus, it is of fundamental and clinical importance to gain a detailed 57 understanding of the composition of the S. aureus membrane and the role that changes in 58 lipid composition might render the cells less or more susceptible to the action of 59 membrane-disrupting antimicrobial agents. 
Fatty acid methyl ester preparation and GC-MS analysis

116
The global fatty acid composition of the S. aureus strains was characterised and quantified 117 by their conversion to fatty acid methyl esters (FAME) followed by GC-MS analysis. Briefly, 118 duplicate aliquots of the lipid extracts equivalent to 1 × 10 8 cfu were transferred to 2-ml 119 glass vessels and dried under nitrogen gas. Fatty acids were released from intact lipids by 120 base hydrolysis using 500 l of concentrated ammonia and 500 l of 50% propan-1-ol (in 121 water), followed by incubation for 5 h at 50°C. After cooling to room temperature the 122 samples were evaporated to dryness with nitrogen gas and then dried twice more after 
Results and discussion
159
Fatty acid composition 160 GC-MS analysis of the FAME prepared from total lipid extracts from the three 161 laboratory-cultured S. aureus strains, BB270, Newman and Mu50, revealed that the 162 principal fatty acid species ranged from C14 to C20 in length ( Fig 1A) . In addition, the (Fig 1B) . higher) was lowest in BB270 (Fig 2A) , greater in Newman (Fig 2B) and greatest in Mu50 (Fig   208   2C ), and there were corresponding reductions in the PG species containing shorter fatty acid 209 chains. Table) and mirrored 260 the total fatty acid abundance obtained by GC-MS. Table) . Predominantly, the fatty 277 acid composition reflected the abundance of the PG species available from which to 
Unsaturated lipids
286
Observable in some of the lipid profiles were a series of minor peaks that were 2 287 amu less than the equivalent major ions, suggesting the existence of lipids with unsaturation 288 (specifically a single double bond) in some of the fatty acid chains. These ions are more 289 prevalent in the PG survey scans and particularly prominent in the BB270 profile (Fig 2A) . Single unsaturated fatty acids were detected also in some lysyl-PG and again were more 15 296 prevalent in the BB270 strain, with fewer observed in the Newman strain and a complete 297 absence in Mu50 (Fig 4) . The fatty acid compositions of the unsaturated lysyl-PG species 298 from BB270 were found to be very similar to the equivalent unsaturated PG species (S2 299   Table) . Remarkably for all three strains, no unsaturation was detected in the Glc 2 -DAG lipids 300 (Fig 3) . As an alternative method to identify the presence of unsaturated fatty acids, 301 precursor ion scanning was employed to detect parent PG species ions that contained Table) . . Unfortunately, GC-MS analysis of FAME from 334 the three S. aureus strains failed to detect unsaturated fatty acids (Fig 1A) . However, as the 335 longer saturated-chain C21:0 fatty acid, observed in fragmentation of both PG and Glc 2 -336 DAG, was also absent from the FAME data, the lack of detection by the GC-MS is 
